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South Dakota State University 
Brookings, South Dakota 
Department of Animal Science 
Agricultural Experiment Station A. s. Series 65-19 
Performance of Growing-Finishing Swine 
Under Different Environmental Conditions 
R. c. Wahlstroml, R. W. Seerleyl, H. G. Young2and J. F. Fredrikson3 
The performance of growing-finishing pigs maintained in pens with different 
floor construction has been studied in two experiments (winter and summer). The 
four types of floor construction are: completely slotted, 5CY/o slotted, 25% slot­
ted and a sloped concrete floor with a narrow gutter across the lower end of the 
pen. Pits under the slotted floors accumulate the manure. 
In addition to floor type, a comparison has been made of number of pigs per 
pen and controlled and uncontrolled house temperatures. Pen size was 5 x 15 feet 
when 8 or 9 pigs were used per pen and 10 x 15 feet when the pig numbers were 
doubled thus allowing the same number of square feet per pig. Feeder and water 
space per pig was also equalized between lots. 
During the winter trial two lots of pigs were also confined in an uninsu­
lated house and bedded with straw. Feeders and waters were located inside of 
these houses. Identical rations were fed to all lots of pigs in both experiments. 
The composition of the rations fed are shown in Table 1. 
Results and Discussion 
Results of the two trials are shown in Table 2 and 3. It is obvious that the 
type of floor did not have any effect on pig gains during either the winter or 
summer trial. Likewise, the number of pigs per pen did not have any effect on 
rate of gain. One would hardly expect a difference to exist between groups of 
this size (8 and 16 pigs) when feeder and water space are equalized. 
Feed efficiency, although it did vary between lots more than the rate of 
gain, did not show any significant trends due to floor type or pen size. Slightly 
more feed was required per unit of gain during the summer trial than during the 
winter although rate of gain was quite similar in both trials. 
Somewhat difficult to explain is the performance of the pigs in the uninsu­
lated house during the winter trial. These pigs actually gained slightly faster 
ar.d required less feed than those in the controlled temperature house. Although 
the temperature in the uninsulated house did vary more than in the insulated house 
and temperatures below freezing were common in the uninsulated house on certain 
1 Department of Animal Science, South Dakota State University 
2 Department of Agricultural Engineering, South Dakota State University 
3 Southeast South Dakota Experiment Farm, Centerville, South Dakota 
days, these temperatures were not of long duration. It should also be 
remembered that the pigs were confined in the uninsulated house and based on 
results of research at the Experiment Station at Brookings one would expect 
better performance than if their feeder and waterer were outside. 
Temperature and labor data were also obtained. These results will be 
presented when sufficient information has been acquired. It might be pointed out 
here, however, that the.day-to-day labor requirements were considerably less with 
pigs on the slotted floor. 
Table 1. Swine Rations Used at Southeastern Experimental Farma 
Shelled corn 
Soybean meal ( 44%) 
Dicalcium phosphate 
Limestone 
Trace mineral salt 
Premixb 
Calculated analysis: 
lb. 
766 
200 
15 
7 
5 
2.5 
lb. lb. 
820 872 
150 100 
10 10 
8 8 
5 5 
2.5 2.5 
crude protein, % 16 14 12 
calcium, % . 72 .61 658 
phosphorus, % .59 .48 .51 
a The 16% crude protein ration is fed from weaning to 75 lb., the 14% 
ration from 75 lb. to 125 lb. and the 12% ration is fed to market 
weight. 
b Each pound of premix provided 2 gm. oxytetracycline, 600, 000 u.s�P. 
units of vitamin A, 60, 000 I.e. units of vitamin D3, 4oo mg. of 
riboflavin, 1000 mg. of pantothenic acid, 3000 mg. of niacin, 20, 000 
mg. of choline and 2 mg. of vitamin B12. 
.. 
Table 2. Results of Winter Trial (1964-65) and Summer Trial (1965) 
Completely 5(f'/o 25°/o Narrow Uninsulated 
Floor Type Slotted slotted slotted gutter house 
Winter Trial 
No. of pigs 32a 32a 32a 32a 16b 
Av. initial wt., lb. 37.7 38.5 37.9 38.5 38.2 
Av. final wt., lb. 178.7 181. 3 179.2 181.4 186.2 
Days on experiment 91 91 91 91 91 
Av. daily gain, lb. 1.55 1.54 1.55 l.57 1.63 
Av. daily feed, lb. 4.88 4.85 4.80 4.85 4.70 
Feed per lb. gain, lb. 3.15 3.20 3.09 3.08 2.88 
Summer Trial 
No. of pigs 36C 35c 36C 34c 
Da.ys on experiment 95 95 95 95 
Av. daily gain, lb. 1.53 1.58 1.59 l.54 
Av. daily feed, lb. 5.20 5.36 5.48 5.53 
Feed per lb. gain, lb. 3�40 3. 39 3.45 3.59 
a Two lots of 8 pigs each and one lot of 16 pigs 
b Two lots of 8 pigs each 
c Two lots of 8 or 9 pigs each and one lot of 17 or 18 pigs 
Table 3. Results of Different Numbers of Pigs Per Pen 
Pigs per pen 
Days on experiment 
Av. daily gain, lb. 
Av. daily feed, lb. 
Feed per lb. gain, lb. 
Winter Trial 
Single Pen 
8 
91 
1.52 
4.74 
3.11 
Double Pen 
16 
91 
1.58 
4.94 
3.13 
Summer Trial 
Single Pen 
9 
95 
1.59 
Double Pen 
17 or 18 
95 
1.61 
South Dakota State University 
Brookings, South Dakota 
Department of Animal Science 
Agricultural Experiment Station A . S .  Series 65-20 
Antibiotics for Growing-Finishing Swine 
R. W .  Seerley and M. E .  Wastell 
The use of antibiotics in swine rations has become a re cognized practice 
to the point where most swine growing-finishing rations contain them. There is 
evidence that certain ant ibiotics added to rations improve the growth rate of 
pigs under most conditions but not always . The most commonly reported effect 
of antibiot ics is a more uniform growth response of the pigs . Fewer unthrifty, 
s low-growing individuals occur in a group of pigs, and thus the average rate of 
gain is increased.  There is usually little or no improvement in the performance 
of the more rapidly growing pigs . 
During the p ast few years, new antibiotic feed supplements have been 
introduced for addition to swine fee ds . The objective of the following experiment 
was to study the e ffe ctiveness of new antibiot ics and certain combinations of 
these antibiotics for stimulating gains in growing-finishing swine . 
Experimental Procedure 
Forty-eight Duroc, Hampshire and Yorkshire pigs, in two separate groups of  
249 were randomly allotted into six lots of four p igs each according to breed, 
sex, weight, and general condition.  The first group ( 6  lots ) was started on test 
January 159 1965 and the se cond group was started on test two weeks later. The 
six experimental treatments were: 
Lot 1 and 7 Basal ration (no antibiotics ) 
Lot 2 and 8 Basal p lus 10 gm. chlortetracycline per ton 
Lot 3 and 9 Basal p lus 5 lb. SP 250 per ton to 75 lb. then 10 gm. 
chlortetracycline per ton thereafter 
Lot 4 and 10 Basal plus 1 lb. SP 250 per ton to 75 lb. then 10 gm. 
chlortetracycline per ton thereafter 
Lot 5 and 11 Basal plus 5 lb. 290 per ton to 75 lb. then 10 gm. 
oxytetracycline per ton thereafter 
Lot 6 and 12 Basal plus 1 lb. 290 per ton to 75 lb. then 10 gm. 
oxytetracyc line per ton thereafter 
The SP 250 and 290 contained the following ingredients per pound: 
SP 250 290 
- -
20 gm. chlortetracycline 20 gm. oxytetracyc line 
20 gm. sulfamethazine 20 gm. Nf 180 
10 gm. penicillin 18 gm. arsani lic acid 
The basal feed mixture is presented in table 1. All pigs, raised in confine­
ment, were fed by using se lf-feeders and water was provided ad libitum.  The pigs 
were weighed off experiment by treatment groups at an average-weight of 
approximately 200 pounds . 
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Table 1. Composition of Rations 
Ground shelled corn 
Soybean meal (50%) 
Meat and bone scraps (50%) 
Dicalium phosphate 
Ground limestone 
T. M.  salt, hi zinc 
Vitamin premix2 
Grower1 
(16% protein) 
1632 
280 
50 
18 
8 
5 
+ 
Finisher 
(12% protein) 
1810 
110 
50 
12 
6 
5 
+ 
1 Grower rations were fed to approximately 110 pounds 
bod� weight. 
Premix provided 2 mg. of riboflavin, 4 mg. of pantothenic 
acid, 9 mg. niacin, 10 mg. of choline chloride, 5 mcg. of 
vitamin B12, 1135 I.U. of vitamin A, and 336 I.u. of vitamin 
D per pound of ration. 
Results 
A summary of the results is presented in table 2. The lots receiving the 
control ration (no antibiotics) gained as fast as the other treatment groups. 
Pigs fed the one pound of 290 per ton gained the slowest. There should not be 
any treatment effect to make these pigs gain more slowly than the pigs fed no 
antibiotics. Apparently the treatment level was not adequate to show a growth 
response. Occasionally one replicate group of pigs will gain slowly on a 
treatment such as this one, but in this case both replicates on the low level 
of 290 gained slower than the other pigs in the experiment. The pigs of the 
second replicate group gained slightly faster than the first group. This 
difference may have been due to a difference in the winter temperature. 
Feed required per pound of gain was essentially the same for all treatment 
groups. The pigs receiving no antibiotics were as efficient as the pigs 
receiving the antibiotics. 
Although the antibiotic-fed pigs in this experiment did not gain any faster 
it is not recommended that antibiotics be eliminated from swine growing­
finishing rations. Previous work a t  this station (1959 Swine Day and A.H. 
Swine 51 1960) showed that some antibiotics increased daily gains and improved 
feed efficiency. 
The benefit of antibiotics in rations is usually determined by the degree 
of stress upon the pigs. Under conditions of stress, such as disease infection 
and low quality rations, the improvement in efficiency of feed utilization and 
rate of gain is much greater. Since conditions of stress'are common in average 
farm operations, antibiotic response may be greater than under experiment station 
conditions. This must be kept in mind in applying the antibiotic data to 
average farm conditions. 
5 
Table 2. Supplemental Antibiotics for Growing-Finishing Pigs 
5 lb . SP 250 1 lb. SP 250 5 lb. 290 1 lb. 290 
Control Aureo- chlortetra- chlortetra- oxytetra- oxytetra-
Treatment (No antibiotic)  mycin eye line eye line eye line eye line 
Lot numbers 1.7 2,8 3.9 4.10 5911 6,12 
No . of pigs l 4 4 4 4 4 4 
2 4 4 4 4 4 4 
Av. initial wt.9 lb. l 50.0 44.0 44.0 44.2 43.8 47.8 
2 35.8 35.0 35. 0 35. 8 35.5 35.0 
Av. 42. 8 39.5 39.5 40.0 39.6 41.4 
Av. final wt., lb. l 203.5 199.0 200.5 204.5 201.8 200.0 
2 200.0 200.5 200.3 200.3 200.0 201. 0 
Av. 201. 8 199.8 200.4 202.4 200.9 200.5 w 
O'> Av. dai ly gain9 lb, l 1.81 1.78 1.89 1.84 1.82 1.62 
2 1.98 1.95 1.94 1.94 1.87 1.71 
Av. 1.89 1.86 1.92 1. 89 1.84 1.67 
Av. daily feed, lb . 1 5.34 5.46 s.84 5. 86 5.49 5. 45 
2 6.02 5. 80 5.39 5.87 6,06 4.82 
Av, 5.67 5,63 5,61 5. 86 5.78 5.13 
Feed per lb. gain9 lb. 1 2.95 3.06 3.10 3,18 3.02 3.37 
2 3,04 2.98 2. 77 3,03 3.24 2,81 
Av. 3,00 3.02 2,93 3.10 3.14 3.08 
South Dakota State University 
Brookings, South Dakota 
VENTILATION FOR SWINE BUILDINGS 
H. G. Young* 
Animal Science Department 
Introduction 
AS Series 65-2 1  
The trend in swine housing toward multiple farrowing systems and con-
finement growing and finishing units has brought about a need for an increased 
amount of environmental control. Close control of temperature, relative 
humidity, fresh air and sanitation has become a matter of prime importance. 
Of these factors, the control of temperature, relative humidity and fresh air 
through proper insulation and ventilation require the most precise planning 
and design in swine housing systems. 
Ventilation is required to remove the moisture produced by the animals 
as well as to control temperature and odors. A properly planned ventilation 
system requires an adequately insulated building, good air distribution and 
some form of supplemental heat to maintain inside temperatures during cold 
weather. 
Insulation Requirements 
Insulation reduces the flow of heat through the walls and ceiling of a 
structure. Reduction of the loss of heat will result in warmer wall surface 
temperatures which will lessen the possibility of moisture condensation or 
frost accumulation. Adequate insulation will also conserve heat that is 
required for proper ventilation during cold weather. 
Insulate the walls with at least a two-inch blanket type insulation or 
equivalent (R value of 7 . 4) .  Install a minimum of a four-inch blani\".et ( R  value 
*Assistant Professor, Department of Agricultural Engineering 
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of 14.8) in the ceiling. A vapor barrier must be installed between the insul-
ation and the inside sheathing of the building. Materials such as 4-mil poly-
ethylene, asphalt impregnated paper and metallic foils are considered to be 
effective vapor barriers. A warm floor is desirable in farrowing houses and 
can be obtained by installing perimeter insulation under the floor and between 
the floor and foundation. Usually a material such as expanded polystyrene or 
foamglass is used for this purpose. The illustrations shown are typical 
installations of perimeter insulation. 
.,o 
ASPHALT 
SEAL 
� . .  
e I .. ' 
-,;!l---,el--i • • I> 
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INSULATION � 
. , 
A. , 
Figure 1. A typical installation 
of perimeter insulation. 
Air Distribution 
N 
_l 
Figure 2. Alternate method of 
installing perimeter insulation 
in an existing building. 
While moving the desired amount of ventilation air through the building 
is necessary, this fact in itself will not assure satisfactory ventilation. 
It is vitally important that the incoming air is uniformly distributed to 
remove moisture from all areas of the building and to eliminate the possibility 
of drafts. 
The most widely accepted ventilation system consists of an exhaust fan 
or fans which remove stale air and moisture and fresh air inlets to distribute 
the air uniformly to all parts of the building. The fans for winter ventilation 
8 
- 3 -
are normally located on one wall, usually on the south or east side of the 
structure. The fresh air inlets are located in the ceiling or on the side of 
the building opposite the exhaust fans. 
The inlets must be located to direct fresh air to all parts of the 
building. The fresh air should enter at a low velocity near the ceiling and 
be directed in a manner that will prevent drafts. Inlets should not be located 
within eight feet of the exhaust fans. 
Plan for l' -8" of one-inch slot (2.0 square inches) inlet per sow and 
litter in the farrowing house. A growing unit will require 6" of one-inch 
slot inlet per animal and a finishing unit will require 12" of inlet length 
per animal. 
Slot intakes can be constructed in the building as shown in figures 3 
and 4. These slots should be constructed in such a manner that warm moist air 
will not be drawn into the attic where the moisture can condense and soak into 
the insulation. Reverse flow of air into the attic will normally occur during 
periods of low ventilation in very cold weather and is prevented by the use of 
a "back draft valve". 
Drawing fresh air from the loft or attic space of a building offers 
the advantage of bringing tempered air into the structure rathe r than raw cold 
air from outside. Air in the attic is warmed by solar heat absorbed by the 
roof and heat that is transmitted through the ceiling. If the air is drawn 
from the attic, intake louvers must be provided in the gable ends of the 
building. The size of the louvers should be based on providing 36 square 
inches of louver area per 100 cubic feet per minute of exhaust fan capacity. 
9 
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AIR FLOW AIR FLOW 
(_ l � BACK DRAFT VALVE 
I" VENT 
Figure 3. Slot intake construction 
in buildings less than 32' wide 
Exhaust Fan Capacity 
�-�  
DEFLECTJ 
4" VENT 
Figure 4. Slot intake construction 
in buildings 32' or wider. 
The table shown below gives the required ventilation capacity per pig 
or per sow and litter for satisfactory cold weather operation. 
Inside temperature Fan capacity 
Sow and litter 50 F 80 CFM 
60 F 50 CFM 
1004fa pigs 60 F 15 CFM 
200# pigs 
50 F 25 CFM 
60 F 15 CFM 
Select ventilation fans that are rated to deliver the required amount 
of air at 1/8-inch static pressure. 
Sunnner ventilation becomes a matter of removing as much heat as possible 
from the building and, in some cases, circulating air over the pigs at a suf-
ficient velocity to create a cooling effect. In most cases it is reconnnended 
10 
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to reverse the direction of air flow and to open up the building as much as 
possible. Ventilation rates must be increased considerably to obtain adequate 
air movement. The ventilation rate for the farrowing house should be increased 
to 120 cubic feet per minute per sow and litter. Suimller ventilation in growing 
and finishing units will require a rate equal to 50 air changes per hour. On� 
air change is equal to the volume of the building. (Length x width x ceiling 
height) 
Fan Selection and Controls 
An ideal exhaust fan system would be one that would operate continuously 
and adjust itself automatically to any small change between inside and outside 
temperature. Unfortunately, no single fan or control will meet this require­
ment. The best approach is to use a multiple fan system that will exhaust the 
maximum amount of air as required in mild weather and can be throttled down by 
thermostats which stop and start the fans as temperatures fluctuate. This will 
require two or more fans, each separately controlled, to meet the wide varia­
tions between minimum and maximum output needed to meet the variable tempera­
tures of a typical South Dakota winter. 
A fan system for winter ventilation is designed so that the total capa­
city is needed at an outside temperature of approximately 40 degrees. When 
the temperature drops to 10 degrees below zero the amount of ventilation should 
be reduced to about 20 per cent of the maximum requirement. This variability 
in ventilation requirements can best be met by selecting one fan having 20 
per cent of the total required ventilation capacity ana a second fan or fans 
large enough to furnish the remaining 80 per cent. 
The low volume fan may be operated in one of three different ways, it 
may operate continuously, it may be controlled by a thermostat or it may be 
11 
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operated by an interval timer that is usually connected in parallel with a 
thermostat so the fan can be controlled to operate for selected percentages 
of a ten minute interval. The high volume fans are controlled by thermostats 
and are adjusted to operate when the temperature in the building reaches a 
predetermined level. 
Supplemental Heat 
While proper insulation does conserve a considerable amount of the heat 
produced by the hogs, this heat will not be sufficient to maintain an adequate 
temperature in swine housing during subzero weather. Ventilation at a rate 
sufficient for moisture removal will require more heat than the animals can 
produce. In some housing systems it may be possible to reduce the ventilation 
rate and accept the fact that for a short period of time an excessive amount 
of moisture will accumulate in the building. Farrowing systems will require 
supplemental heat, however, since it is highly undesirable to have the inside 
temperature drop below 50 degrees or to have moisture accumulation in the 
building. 
Supplemental heat should be planned at the rate of 2, 500 BTU' s per hour 
per sow and litter in the farrowing house. If supplemental heat is desired 
in growing or finishing units, it should be supplied at the rate of 425 BTU' s 
per hour per animal in the growing unit and at the rate of 750 BTU' s per hour 
per animal in the finishing unit. 
It is well to remember that careful management of heating and ventilation 
controls is necessary to prevent wasting heat. The heating system should 
operate only when the low volume fan is functioning, thus the thermostat on 
the heater should be set at least five degrees below the cut-in temperature 
of the high volume ventilation. 
12 
South Dakota State University 
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Agricultural Experiment Station A.s. Series 65-22 
A New Method of Feeding--The Nutritious Water Method 
Robert w. Seerley 
Traditionally, swine diets have been developed by including the essential 
nutrients (carbohydrates, fats, proteins, minerals and vitamins) and growth­
supporting additives in the dry diet. Completely mixed diets have been widely 
aqcepted by the modern swine producer because they support excellent gains and 
feed utilization by the animals. It has been convenient and advantageous to 
feed these completely mixed balanced diets; however, there are some disadvan­
tages. Cost of the diets rises as more and more mixing of ingredients is 
required. The additional expense is due to the equipment and labor involved in 
mixing the nutrients used in small quantities, called micronutrients, into 
premixes and then adding to grain and extensively mixing again with the macro­
ingredients. Another disadvantage is that once the diet is mixed, it is difficult 
to change. There are times, such as in scouring and with certain diseases, 
when an immediate change in the diet is desirable. 
The method of providing needed nutrients to swine other than the traditional 
air-dry diet is presently being explored. The idea is suggested that daily 
nutrients might be successfully added to water and eliminate some of the disadvan­
tages of the completely mixed diet. If animals perform satisfactorily by 
providing their nutrients in water, then another possible method of feeding would 
be available. This new nutritious water method should be evaluated by comparing 
it with the feeding methods presently generally accepted. Some of the advantages 
of the nutritious water method of feeding seem to be: ( 1) Part of the extensive 
mixing required in the usual method of diet preparation may be eliminated by 
mixing all of the micronutrients together and adding them in the water. Trace 
minerals used in micro amounts can be added with salt along with the grains and 
soybean meal and mixed in the dry diet. (2) One of the greatest advantages to 
this feeding program may be the possible flexibility of nutrients which are to be 
fed to animals. A decrease in feed intake usually occurs during the extremely 
hot or cold weather, poor health conditions or scouring due to bacterial organisms, 
yet animals seldom refuse to drink water under such conditions. In fact, water 
consumption increases in some instances. By having nutrients present in their 
water, animals that go off feed or reduce their feed intake would continue to 
receive needed nutrients and could be treated for the stress condition when 
necessary. (3) Clean, fresh water is important for animals, but there is little 
information to show how much influence this has on animal performance. Most 
water provided for animals is contaminated to some extent with bacteria due to 
the unsanitary conditions in and around the waterer. The addition of antibiotics 
and antibacterial agents in the water can act as a growth promoter and check the 
organisms in the water, destroying some harmful bacteria before they reach the 
gastrointestinal tract of the animal. 
In spite of these apparent advantages, it must be made clear that this idea 
is based on an untried hypothesis and extensive research must be completed before 
an accurate evaluation can be made. A research program is seeking the needed 
information for an accurate evaluation of the nutritious water method. 
13 
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The quantities of nutrients needed per gallon of water are not well  
estab lished at  this time . Animal weights and weather conditions may require the 
levels of nutrients to be varied. However, our research to date indicates these 
changes will  not be extensive, if neede d  at all. 
Nutrients must be added to the water frequently due to the instability o f  
some vitamins i n  the water .  Most o f  the B vitamins appear to b e  re latively 
stable in solution; however, fat soluble vitamins added in water dispersible 
form, such as vitamin A, may be destroyed a�er several hours . This may appear 
to be a rather critical problem, but this author is optimistic that the 
storage of vitamin A in the liver is adequate t o  provide nourishment to the 
tissue cel ls until the next addition of the nutrient to the water. Pre liminary 
analyses of liver samples for vitamin A content indicated vitamin A storage is 
adequate for normal growth and health.  The results of  the trials reported in 
this article were with treated water lasting three or four days, which indicates 
this was not a serious problem in these trials . 
Metering the proper dosage of nutritious water into an automatic water line 
requires spe cia l  equipment, but this can be done without difficulty .  Avoiding 
wastage of water containing the expensive nutrients would become an important 
fa ctor with the new method. 
Baby Pig Experiments 
In  trial 19 e ach group of twe lve pigs were weaned at two weeks of  age and 
fed 18 pounds of a commercial pre-starter, followed by 10 pounds of a commercial 
starter ration, and finally a 16% crude protein grower rat ion to the end of the 
four week test period.  All diets were considered adequate in vitamin and anti­
biotic content for good dai ly gains . Group 1 re ceived unforti fied water ( control 
anima ls ), group 2 re ceived additional vitamins in the water, group 3 received 
tylosin in the water, and group 4 received vitamins and tylosin in the water. 
A summary of this research is shown in table 1. Pigs fed the vitamins, 
antibiotic or combinat ion of vitamins and antibiotic fortified water gained 2.6, 
3.3 and 2.3 pounds per pig, respectively, more than the control pigs for the four­
week period. The faster daily gains of  pigs fed the water-fortified diets were 
somewhat associated with greater fee d  and water intake, although there was some 
variation within and between trials . In trial 1, a coagulant formed in the water 
containing both vitamins and antibiotic.  Coagulation was due to a fungus and 
probably a ffe cte d  the palatabi lity of the water. The coagulat ion did not form 
in trial 29 and the water consumption was normal.  Pigs fed the supplement al 
vitamins or tylosin separately required 1 4% less feed per pound of gain than the 
control pigs . Fee d  e fficiency o f  pigs given the combination of vitamins and 
tylosin was only slightly better than the control pigs in trial 1 and essentially 
the same as the control pigs in the second trial. 
Four experiments with baby pigs compared the e ffects of no vitamin addition 
to t he feed or water ( negative control group ) and adding a low, me dium, or high 
level of vitamins in the water. The low level provided 2375 I . U .  of  vitamin A, 
1430 r.u. of vitamin D, 8 mg. of riboflavin, 2 mg . of thiamine, 17 mg . of 
pantothenic acid, 37 mg. of niacin, 2 mg. of pyridoxine, 21 mcg .  vitamin B12 and 
125 mg. choline chloride per gallon of water. The me dium level provided twice, 
and the high leve l four t imes, the amount of vitamins in the low level.  Based 
on expe cted water consumption, the low leve l would provide approximately one-half 
the dai ly requirement, the medium level would meet the daily requirement, and the 
14 
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Table l. Supplemental Vitamins and Antibiotic for Early Weaned Pigs 
Added to water 
Vitamins 
Item Trial None Vitaminsb Tylosinc and tylosin 
Group numbera l 2 3 4 
Av. total gain, lb. l 11.2 15.9 17.6 14.4 
2 13.9 14.7 14.3 15.7 
Av. 12.7 15.3 16.0 15.0 
Feed/lb. gain, lb. l 1.62 1.46 1.46 1.51 
2 l. 80 1.50 1.52 1.83 
Av. 1.73 1.48 1.49 1.66 
a Six pigs were allotted to each treatment in each trial. 
b Vitamins were added to provide 481000 I.u. of vitamin A, 481000 I.u. of 
vitamin D1 25.6 I.U. of vitamin E, 2 mg. of thiamine hydrochloride, 4 mg. of 
r iboflavin, 32 mg. of niacin, 2.4 mg. of pyridoxine hydrochloride, 20 mg. of 
calcium pantothenate, 1.6 gm. choline chloride and 36 rncg. of vitamin B12 per 
gallon of water. 
c Tylosin was added to provide 340 mg. of tylosin per gallon of water. 
higher level was twice the current recommended daily needs of the pigs. 
pigs were weaned at three weeks of age and fed on test for seven weeks. 
summary is shown in table 2. 
These 
The 
Average daily gain was highest in the group given the high level of vitamins 
in the water--they gained about 10% faster than the other treatment groups. We 
have been surprised that pigs fed diets without supplemental vitamins have done 
so well in all of the trials. No deficiency symptoms were observed and the pigs 
appeared healthy. Feed efficiency was the same for all groups. 
Table 2. Summary of Four Baby Pig Trials 
Level of Vitamins in Water 
Item None Low Medium High 
Group number l 2 3 4 
Number of pigs 26 26 26 24 
Av. daily gain, lb. • 77 • 80 .78 • 86 
Feed per lb. gain, lb. 1.91 1.96 1.94 1.91 
Av. daily water, lb. 3.14 3.29 3. 27 3.67 
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The same four treatments plus another--a normal diet with vitamins in the 
dry feed (positive control) --have been used in three experiments (table 3). See 
the footnotes of the table for vitamin supplementation in the diet for the 
positive control pigs. In these studies, the positive control group and the 
group fed the high level of vitamins in the water had the best gains. The 
negative control group had the slowest gains. Again, feed utilization was not 
influenced by treatment in these trials. 
Growing-Finishing Pig Experiments 
Preliminary experiments with growing-finishing pigs (196 4 South Dakota 
Swine Day Report 6 4-19) showed that performance was essentially the same for pigs 
fed completely mixed air-dry diets and pigs fed diets without vitamins and anti­
biotic but the drinking water fortified with vitamins and antibiotic. Two 
recent experiments with the same experimental design as used in the baby pig 
experiments are shown in table 4. The low level of vitamins in the water was 
1280 I.u. of vitamin A, 280 I.u. of vitamin D, 3.8 mg. of riboflavin, 1.6 mg. 
of thiamine, 19 mg. of niacin, 16 mg. of pantothenic acid, 16 mcg. vitamin B1 2  
and 400 mg. choline chloride per gallon of water. The medium level was twice 
that quantity and the high level was four times that quantity per gallon of 
water. In these studies all pigs gained rapidly and the vitamin treated animals 
gained only slightly faster than the negative control pigs. However, feed 
efficiency was improved when vitamins were added to the water. 
In two other experiments (table 5) with a positive control group included 
(diet with normal vitamin fortification) pigs fed the medium level of vitamins 
gained about 4% faster than the other pigs, but all other pigs gained about the 
same, including the positive and negative control groups. Vitamin fortification 
improved feed utilization with both the dry ration and water fortified diets in 
comparison to the group fed the unfortified diet. 
Discussion 
The results of these trials show that the performance of early-weaned and 
growing-finishing pigs when properly fed supplemental vitamins in drinking water 
is at least equivalent to pigs fed c ompletely mixed dry diets. Proper fortifica­
tion of each nutrient in water is not well established and extensive research 
is needed to determine proper levels. Since individual nutrient levels needed 
by this method of feeding are not known, there is little need in attempting to 
determine the cost of production at this time. However, the vitamin intake per 
pig in the finishing trials for the medium level of fortification group was less 
than the positive control group, thus the cost is not expected to be greater. 
Since the microingredients were dispersed in the water, there was no problem 
of thoroughly mixing these ingredients into the complete diet. The pure, 
undiluted vitamins can be added to the water, whereas their addition in the dry 
diets required premixing and then extensive mixing in the complete diet. The 
dispersion and stability of products in water needs extensive research. The B 
vitamins are theoretically soluble in water and should become dispersed in the 
solution. Vitamins A and D, which are added to diets, are not soluble in water; 
however, water dispersible vitamins A and D were used in these experiments. 
Analyses of water samples are in progress to determine the degree of separation, 
if any, of the nutrients in solution. Also, the shelf life of these products in 
solution is being determined. Results of the experiments do not suggest a problem 
in physical separation or breakdown of the nutrients in solution, but chemical 
and biological assays will be used as the most informative tests. 
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Table 3 .  Vitamins in Water for E arly Weaned Pigs 
I tem 
Lot number 
No.  pigs 
Av. initial wt., lb . 
Av. final wt. ,  lb . 
Av. total gain, lb. 
Av. total feed cons . ,  lb . 
Av. total water cons . ,  lb . 
Feed/lb. gain, lb. 
No 
vitamins 
Trial added 
l 
2 
3 
l 
2 
3 
Av. 
l 
2 
3 
Av. 
l 
2 
3 
Av. 
l 
2 
3 
Av. 
l 
2 
3 
Av. 
l 
2 
3 
Av. 
l 
6 
8 
5 
12 . 4  
13 . 4  
14 . 2  
13 . 3  
43 . 5  
52. 8 
62 . 8  
5 3 . l 
3 3 . 0  
39. 3 
48 . 6  
39. 7  
66 . 0  
76 . 0  
86 . 2  
75 . 5  
168 . 5  
135 . 5  
228 . 0  
170 . 3  
2 . 00 
1.94 
1 . 77 
1. 90 
Vitamins 
added 
in dieta 
2 
6 
8 
5 
12. 4  
12. 9  
13 . 2  
12. 8  
52. 7  
5 8 . 9  
67. 6 
59. 2 
40 . 3  
46 . 0  
5 4 . 4  
46 . 4  
82. 3  
90 . 6  
104. 6 
91. 6 
174. 2  
182 . 5 
272. 8 
203 . 6  
2 . 04 
1 . 97 
1. 92 
1. 97 
Level of vitamins in water 
Low Medium High 
3 
6 
8 
5 
13 . l  
13 . 7  
12. 6  
13 . 2  
5 4 . 2  
5 5 . l 
62. 8 
5 6 . 8 
41. 2 
41. 3 
5 0 . 2  
43 . 6  
84. 0 
78. 8 
97. 6  
85 . 4  
207. 8 
112 . 5 
224 . 0  
171. 9 
2. 04 
1 . 91 
1 . 94 
1 . 95 
6 
8 
5 
12. 3 
12. 9 
13 . 6  
12. 8 
5 1. 2  
5 3 . 4 
67. 6 
56 . 4  
3 8 . 8 
40 . 5  
5 4 . 0  
43 . 5  
77 . 5  
76 . 0  
106 . 4  
84 . 4  
171. 1 
144. 2  
297 . 6 
193 . l  
2 . 0 0  
1 . 88  
1 . 97 
1. 94 
5 
5 
8 
5 
12 . 3 
12 . 8  
12. 2  
12. 5  
5 5 . 6  
56 . 8  
6 8 . 6  
59. 7 
43 . 2  
44 . 0  
5 6 . 4  
47 . 2  
86 . 6  
84. 8 
109. 4 
92. 2  
219. 4 
180 . 5  
256 . 0  
212 .  3 
2 . 00 
1. 93 
1 . 94 
1. 95 
a 1135 I.U. of vitamin A, 6 8 1  r.u. of vitamin D, 4 mg . of riboflavin, 8 mg. of 
calcium pantothenate, 18 mg. of niacin, 60  mg. of choline chloride, 10 mcg. 
of vitamin B12, 1 mg. of thiamine hydrochloride, and 1 mg. of pyridoxine is 
provided per pound of diet . 
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Table 4 .  Sunnnary o f  Two Growing-Finish ing Trials 
Level of vitamins in water 
Item None Low Medium High 
Group number 1 2 3 4 
Number of pigs 11 12 12 12 
Av. daily gain, lb. 1 . 71 1.66 1.79 1 . 73 
Feed per lb. gain, lb. 3.41 3.26 3.15 3.31 
Av. daily water, lb. 9 . 22 8.84 8.83 8.93 
The practicality of the nutritious water method of feeding is speculative 
at this t ime . Acceptance or rej e ction will depend on the advantages or 
disadvantages provided to the swine producer--it must compete with current 
methods of feeding in terms of maximum daily gain , feed utilization and economy 
of gain . 
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Table 5 .  Vitamins in Water for Growing-Finishing Pigs 
Item 
Lot number 
No. pigs 
Av. initial wt., lb. 
Av. final wt., lb. 
Av. daily gain , lb. 
Av. daily feed cons . , lb. 
Feed/lb. gain , lb. 
Trial 
l 
2 
l 
2 
Av. 
l 
2 
Av. 
1 
2 
Av. 
1 
2 
Av . 
l 
2 
Av. 
No 
vitamins 
added 
1 
7 
8 
43 . 0  
52 . 8  
47 . 9  
203 . 0  
200 . 5  
202 . 5 
1. 69 
1 . 6 4  
1 . 66 
5 .  77  
5 . 37 
5 . 55 
3 . 45 
3 . 27 
3 . 36 
Vitamins 
added 
in dieta 
2 
8 
8 
42. 7  
5 8 . 9  
50 . 5  
202 . 5  
201. 0 
201 . 5 
1 . 6 8  
1 . 61 
1. 6 4  
5 . 47 
5 . 23 
5 . 35 
3 . 26 
3 . 24 
3 . 25 
Level of vitamins in water 
Low Medium High 
3 
8 
8 
42. 6  
5 5 . 0  
48 . 8 
202 . 5 
200 . 0  
201. 5  
1. 6 8  
1 . 64 
1. 66 
5 . 58 
5 . 14 
5 . 36 
3 . 32 
3 . 13 
3 . 22 
8 
8 
43 . 5  
5 3 . 4  
48 . 4  
203 . 0  
201 . 0  
202 . 0  
1. 80  
1 . 6 4  
1 . 72 
5 . 59 
5 . 11 
5 . 35 
3 . 11 
3 . 12 
3 . 11 
5 
8 
8 
43 . 5  
5 6 . 8 
5 0 . 1  
202 . 3 
200 . 0  
201 . 1  
1. 71 
1. 63  
1. 67  
5 . 74 
5 . 26 
5 . 50 
3 . 36 
3 . 23 
3 . 29 
a Provided 113 5  I . U .  of vitamin A ,  340 r.u. of vitamin D, 2 mg. of riboflavin , 
4 mg. of calcium pantothenate , 9 mg. of niacin , 10 mg. of choline chloride , 
and 5 mcg. of vitamin B12 per pound of diet . 
19 
South Dakota State Univers ity 
Brookings, South Dakota 
Department of Animal Science 
Agricultural Experiment Station A.S. Series 65-23 
Supplemental Lys ine in Rat ions or Drinking Water 
for Growing-Finishing Swine 
R. w. Seerley and J. W. McCarty 
The lysine content of corn and barley is relatively low and pigs need a 
higher level in their ration to meet their daily requirements. Protein sources 
such as soybean meal are used to provide the necessary amino acids in the 
ration. Since the protein sources are expensive, the quantity added in a 
ration is  generally just adequate to meet the animal' s requirement. Most amino 
acids are more than adequate in rations with s oybean meal, but lysine is usually 
on the borderline or the most limiting amino acid. Consequently, there have 
been many experiments conducted to improve growth rate by adding supplement al 
lysine in the ration. Previous research at this station (A.S. Mimeo Series 63-7) 
indicated better p ig performance when lysine was added to the ration. However, 
the small improvement in feed efficiency did not offset the additional cost of 
the lysine. 
Lysine has been used in experimental tests to supplement low protein rations, 
but this  approach has not been economical either. The situation is somewhat 
similar, yet different too, with barley. Some feeders claim their barley is  
testing 13 to 15 percent crude protein. Finishing pigs require only 12 percent 
crude protein in their diet providing the essential amino acids are adequate. 
Barley fed to  finishing pigs without a rich protein feed would be adequate in 
a few essential amino acids, borderline with histidine , isoleucine, and threonine , 
but low with methionine, tryptophan and especially lysine. Therefore, some 
protein source should be fed with the high protein barley. The North Dakota 
Experiment Station showed that several protein feeds can be used with barley and 
the percent of these feeds in the ration can be low. 
The object ives of the following experiments were: ( 1) to study the 
influence of supplemental lysine in the water for both good and poor quality 
protein rations and ( 2) to study the influence of supplemental lysine in feed or 
water for barley rations fed in both meal and pelleted form. 
Trial 1 
This trial was conducted using two replicate s of 12 treatments. Seventy-two 
Duroc, Hampshire, Yorkshire and crossbred pigs were selected and allotted on the 
basis of breed, weight and sex and then randomly assigned to treatments. The 
experimental treatments were: 
Lot 1 and 7 Corn-soybean ration• 16% crude protein 
Lot 2 and 8 Com-soybean ration , 12% crude protein 
Lot 3 and 9 Same as 1 and 7 plus 2 gm. lys ine per gallon of water 
Lot 4 and 10 Same as 2 and 8 plus 2 gm. lys ine per gallon of water 
Lot 5 and 11 Same as 1 and 7 plus 4 gm. lysine per gallon of water 
Lot 6 and 12 Same as 2 and 8 plus 4 gm. lysine per gallon of water 
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Lot 13 and 19 Com-corn gluten meal ration, 16% crude protein 
Lot 14 and 20 Corn-com gluten meal ration, 12% crude protein 
Lot 15 and 21 Same as 13 and 19 p lus 2 gm. lysine per gallon of water 
Lot 16 and 22 Same as 14 and 20 p lus 2 gm. lysine per gallon of water 
Lot 17 and 23 Same as 13 and 19 p lus 4 gm. lysine per gallon of water 
Lot 18 and 24 Same as 14 and 20 p lus 4 gm. lysine per gallon of water 
Pigs were raised in confinement at the university swine farm. They were 
fed and watered ad libitum. The rations used in the experiment are shown in 
table 1. 
Ingredient 
Ground yellow corn 
Soybean meal (44%) 
Dicalciurn phosphate 
Limestone 
T.M. salt, hi zinc 
Vitamin-antibiotic 
Ground yellow corn 
Corn gluten meal 
Dicalcium phosphate 
Limestone 
Table 1. Percent Compos ition of Rations 
Percent Crude Prote in 
Grower1 Finisher 
16 12 12 
Com-Soybean Meal Rations 
780 873 876 
194 100 100 
13 15 15 
7 6 3 
5 5 5 
premix2 + + + 
Com-Corn Gluten Meal Rations 
752 861 864 
220 110 110 
15 17 17 
6.5 5.5 3 
T.M. salt, hi zinc 5 5 5 
Vitamin-an tibiotic premix2 + + + 
10 
935 
40 
16 
3 
5 
+ 
929 
45 
17 
3 
5 
+ 
1 Grower rations were fed t o  approximately 110 lb. body weight. 
2 Premix provided 2 mg. of riboflavin, 4 mg. of pantothenic acid, 9 mg. niacin, 
10 mg. of choline chloride, 5 mcg. of vitamin s12, 113 5  I.U. of vitamin A, 
336 I .U. of vitamin D, and 5 mg. of chlortetracycline per pound of ration. 
Results. Summaries of the results with the two types of rations are shown 
in tables 2 and 3. There was a large difference in the effect of the com-s oybean 
meal rations and the com-corn gluten meal rations. The corn-com gluten meal 
rations were not palatable and the pigs sorted out the gluten meal and refused 
to eat it. 
There were rather significant differences in daily gain and feed efficiency 
between groups of pigs fed the various com-soybean meal rations (table 2). Pigs 
fed the higher crude protein ration gained faster than pigs fed the lower protein 
ration, but the difference between the two rations was less when 4 grams of 
lysine were fed per gallon of water. Lysine in the water appeared to be an 
effective way to improve the diet. Average dai ly gain was faster with each 
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Table 2. Supplemental Lysine for Corn-Soybean Diet 
2 gm. Lysine 4 gm. Lysine 
Plain Water Per Gal . Water Per Gal.  Water 
16% Crude 12% Crude 16% Crude 12% Crude 16% Crude 12% Crude 
Treatment Protein Protein Protein Protein Protein Protein 
Lot numbers 1,7 2,8 3,9 4,10 5 ,11 6,12 
No. of pigs l 3 3 3 3 3 3 
2 3 3 3 3 3 3 
Av. initial wt. , lb. l 57. 3  59. 0 51. 7 73 . 3  57 . 0  70 . 3  
2 66 . 3  60 . 3  61.  7 65. 3 55. 0  59 . 3  
Av. 61. 8 59 . 7  56 . 7  69 . 3  56 . 0  64. 8 
I\) 
Av. final wt, lb. l 202. 0 172. 3 200 . 0  200 . 0  200 . 0  202. 7 
I\) 2 199 . 7  16 8 .  7 200 . 1  199 . 0  201. 7 200 . 7  w 
Av. 200 . 8  170 . 5  200 . 3  199 . 5  200 . 8  201. 7 
Av. daily gain, lb. 1 1. 46 1. 14 1. 81 1. 60 1. 81 1. 6 8  
2 1. 69  1 . 27 1. 70 1. 6 3  1. 7 9  1 . 79 
Av. 1 . 56 1 . 20 1. 75 1. 62 1. 80 1. 73  
Av. daily feed, lb. l 4. 82 4 . 65 5 . 83 5 . 53 4 . 86 5 . 36 
2 5 . 34 4 . 58 5 . 40 5 . 28 4 . 37 6 . 19 
Av. 5 . 05 4 . 62 5 . 62 5 . 40 4 . 61 5 . 77 
Feed per lb. gain, lb. 1 3 . 30 4 . 06 3,22 3 . 45 2. 6 8  3 . 20 
2 3 . 16 3 . 60 3 . 19 3 . 24 2 . 44 3 . 46 
Av. 3 . 24 3 . 83 3 . 21 3 . 34 2. 56 3 . 33 
I 
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increasing leve l of lysine in the water.  Pigs fed 4 grams of lysine per gallon 
of water gained 15 percent and 44 percent faster than pigs fed the untreated 
water and 16 and 12 percent ration s ,  respectively .  P igs fed the low protein 
ration and untreated water were finally stopped after a long period due to  slow 
growth. Their average dai ly gain probably would have been slightly faster if 
they had been permitted to stay on test until they averaged 200 pounds . The 
difference s in daily gain were much larger than anticipated,  thus it is not wise 
to draw conclusions from these results , especially with the number of animals 
used in the trial. On the basis of these pre liminary results , more trials will 
be conducted. 
Feed required per pound of gain was about . 5  pound less when lysine was fed 
in water with the low protein rations.  Pigs fed the 16 percent crude protein 
ration and 4 grams of lysine per gallon of water required only 2 . 56 pounds of 
feed per pound of gain . More research may prove this value is lower than the 
average effect of the treatment , although both replicate groups were very 
efficient. 
Pigs fed the corn-com gluten meal rations were removed from the trial 
before they reached 200 pounds because of the unpalatable nature of the ration 
(table 3) . The pigs were gaining s lowly and they were sorting and wasting the 
feed. The feed wasted and s low growth were the major factors involved in the 
poor feed uti lization . A lthough there was variation in the average dai ly gains , 
the average valuesof both rep licates showed some advantage with the lysine in the 
water. 
Trial 2 
Trial 2 was conducted at the North Central Substation , Eureka , using 
crossbred pigs produced in the SPF herd at that station .  Experimental animals 
were 144 barrows and gilts , all by the same sire assigned to eight lots of 18 
pigs each according to litter , weight , and sex. Pigs were fed and raised in 
pasture lots of approximately one-third acre size .  Each lot was equipped with 
a portable house , water fountain and se lf-feeder . At the termination of the 
trial period , barrows weighing 205 pounds or more were slaughtered for the 
colle ction of carcass data. 
The ration treatments included: 
1 .  Control ration , at recommended nutrient levels 
2 .  Low protein , control 
3 .  Low protein , supplemented with lysine mixed in the feed 
4 .  Low protein , supplemented with lysine in the drinking water 
In addition to these different ration combinations , the rations were also fed in 
both meal and pelleted form. The composition of the rations is shown in table 4 .  
For the growing period these rations were planned to  include 16 percent and 12 
. percent prote in respectively for the control and low-protein rations . For the 
finishing period the control ration was 13 percent prote in with the low protein 
ration desirably at 10 percent protein . However , since barley is relatively 
high in protein , supplementation for the purpose of protein quality resulted in 
a ration of approximate ly 12 percent protein . 
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Table 3 .  Supplemental Lys ine for Com-Corn Gluten Diet 
2 gm. Lysine 4 gm. Lysine 
Plain Water Per Gal. Water Per Gal. Water 
I6% Crude 12% Crude 16% Crude 12% Crude 16% Crude 12% Criiae 
Treatment Protein Protein Protein Protein Prote in Protein 
Lot numbers 13 ,19 14,20 15 ,21 16 ,22 17 ,23  18 .24 
No. of pigs 1 3 3 3 3 3 3 
2 3 3 3 3 3 3 
Av. initial wt •• lb. l 72 . 3  58 . 7  60 . 7  59 . 0  68 . 0  62 . 7  
2 58 . 7  65. 3  54. 7  56. 7  70 . 7  58 . 3  
Av. 65. 5  62 . 0  57 . 7  57 . 8  69 . 3  60 . 5  
N Av. final wt., lb. l 154 . 0  9 3 . 3 157 . 0 104. 0  156. 3 146 . 0  
+: 2 125 .  7 150 . 7  108 . 7  149 . 3  152 . 3  151 . 3  01 
Av. 139 . 8 122 . 0  132 . 8  126. 7  154.  3 148 .  7 
Av. daily gain , lb. 1 1. 34 0 . 41 1. 40 0 . 53 1 . 16 1 . 10 
2 o . 79 1 . 12 o . 64 1 . 17 1. 07 1 . 22 
Av . 1 . 02 0 . 75 0 . 98 0 . 84 1 . 12 1 . 16 
Av. daily feed , lb. 1 5 . 2 8  2 . 36 3 . 62 3 . 35 4 . 16 3 . 95 
2 3 . 50 4 . 2 3  3 . 16 4 . 38  3 . 96 4 . 43 
Av. 4 . 24 3 . 25 3 . 37 3 . 85 4 . 06 4 . 19 
Feed per lb. gain , lb. l 3 . 94 5 . 8o 2 . 60 6. 33 3 . 58 3 . 60 
2 4 . 44 3 .  77 4 . 98 3 . 73 3 . 69 3 . 62 
Av. 4 . 17 4 . 36 3 . 45 4 . 58 3 . 63 3 . 61 
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Table 4 .  Percent Composition of Rations , Trial 2 
Grower Finisher 
Ingredients Control Low Protein Control Low Protein 
Barley 823 932 908 956 
Soybean meal ( 44%) 150 40 70 20 
Dicalcium phosphate 15 15 11 11 
Ground limestone 5 5 4 5 
Trace mineralized salt 5 5 5 5 
Vitamin-antibiotic premi� 2.5 2.5 2.5 2.5 
Lysine None 2/ None 2/ 
1/ Each pound of ration contained 1500 u.s.P. units vitamin A ,  150 I.U. vitamin 
D ,  1 mg. riboflavin , 2.5 mg. D-pantothenic acid , 7.5 mg. niacin , 50 mg. 
choline , 5 mg. vitamin B12 and 5 mg. oxytetracycline. 2/ Lysine mixed with dry ration at the rate of one pound perthousand pounds of 
feed. Lys ine was added to the drinking water at the rate of 2 gm. per gallon 
of water. 
Results. The performance of the p igs by treatment is shown in table 5. 
Pigs fed the low protein ration pelleted and including lysine (lot 7) gained the 
most rapidly and were also the most efficient in feed usage. This ration was 
also among the least costly. The low protein rations without lysine (lots 6 and 
2) were the least costly rations but also re sulted in the lowest average daily 
gains and the poorest feed efficiency. Gains by pigs on both normal and low­
protein control rations were less affected by physical form--meal or pellets-­
than were pigs fed rations including lysine. The combination of pellets and 
added lysine produced the greatest daily gains and also the most efficient 
gains. 
For all treatment comparisons except the two low-protein rations , pigs fed 
pellets gained more rapidly than pigs fed meal rations. Pigs fed pellets 
consistently required less feed per pound of gain than pigs fed meal rations. 
Except for p igs in lot 7, however , the additional gain was not sufficient to 
offset the added cost of pelleting the ration. When data were pooled over 
treatments to compare performance of pigs on meal or pelleted rations , the daily 
gains were 1.71 lb. per day and 1.78 lb. per day for pigs fed meal and pellets, 
respectively. Feed per pound of gain was 3.73 lb. for meal-fed p igs and 3.47 
lb. for pellet-fed pigs. 
The effect of treatment , disregarding physical form of the ration , is 
shown in table 6. Differences among treatments were not large. Although low­
protein rations supplemented with lysine resulted in as rapid and more efficient 
gains than the control rations in this trial , this supplementat ion proved to be 
a relatively expensive means of producing such improvement. Pelleted barley 
rations with a relatively low level of protein supplementation are satisfactory 
for swine. 
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Table 5. Performance of Pigs by Treatment 
Low Protein 
Control Control L;lsine in Feed Lysine in Water 
Ml/ PY l1 p M p M p 
Lot number 1 5 6 2 3 7 8 4 
Number of pigs 18 18 18 18 18 18 18 18 
Av. initial wt., lb. 59 61 59 60 61 60 59 59 
Av. final wt., lb. 198 200 195 195 193 208 196 201 
Av. daily gain, lb. 1. 74 1. 77 1.72 1.69 1.69 1.87 1.69 1. 78 
rv Av. daily feed, lb. 6.50 6.25 6.60 6.03 6.32 6.19 6.10 6.22 
en -...! 
I 
Feed per lb. gain, lb. 3.74 3.54 3.84 3.56 3.75 3.31 3.60 3.50 
Feed cost/cwt. gain, $ 10.10 10.26 9.59 9.60 10.29 9.75 10.63 10.97 
}I Meal form of ration. 
I Pelleted ration. 
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Table 6. Effects of Treatment 
Control Low Protein 
16% Crude Lysine Lysine 
Protein No L ysine in Feed in Water 
Av . daily gain, lb. 1.75 1.71 1.78 1. 73 
Feed per lb. gain, lb .  3.64 3.70 3.52 3.55 
Feed cost per cwt. gain, $ 10.18 9.59 10.0l 10.80 
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Nearly everyone raising pigs is aware of the high mortality rate of baby 
pigs during the first few days of life. It is estimated that 25 to 30 p ercent 
of all live p igs die before reaching market weight. Most of these die in early 
life. Approximately 75 percent of all baby pig deaths were due to three 
general causes : ( 1) small and weak pigs, ( 2) chilling, and ( 3 )  overlaying by 
the sow. 
The economic loss due to the death of these pigs is overwhelming. If each 
good pig is worth five dollars and roughly 20 to 30 million newborn p igs are lost 
each year in the United States, the loss is probably greater than 100 million 
dollars a year. New farrowing barns with modern farrowing stalls and slotted 
floors have been the trend in recent years, but the national average number of 
p igs marketed has been slightly over seven pigs per litter consistently for a 
period of years. This does not mean that some equipment has not helped reduce 
baby pig losses, but it does point out that the over-all effect on the number 
of pigs raised per litter has been g enerally less than ant icipated. Therefore, 
the problem of losing good p igs shortly after birth is far from solved. 
Two years ago a program was initiated to study the effects of temperature 
and milk inj ection into the stomach of the newborn pig on the survival of pigs. 
The early results of th is program are reported herein. 
Experimental Procedure 
A total of 128 litters ( 1049 pigs) have been used to date. Sixty-four 
litters were tested at 70° F .  temperature and 64 litters were tested at 80° F.  
temperature i n  the farrowing crate. The minimum room temperature was 6 0° F.  
and heat bulbs were adj usted t o  k eep the temperature i n  the resting area at 
the proper temperature. 
After the pigs were born, they were permitted to stay with the sow and 
nurse the colostrum milk. Pigs were ear notched, weighed and the needle 
teeth were removed before the treatment was started. All even numbered pigs 
were treated with the milk mixture. Pigs were given two doses of 15 cc. per 
dose on the first day and one dose of 20 cc. on the second day and one 20 cc. 
dose on the third day. 
A 20 cc. syringe with an attached 1/16 inch diameter rubber hose was used 
to feed the mi lk. Pigs were held vertically by their head and their jaws were 
forced open with fingers and thumb. The rubber tube was directed down the 
esophagus to the stomach. After the tube was in place, the milk was put into 
the stomach by pressing the plunger on the syring e. 
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The milk mixture contained one quart of milk , one-half pint of half and 
half ( a  product made with 1/2 milk and 1/2 cream ) and one egg. This mixture 
is similar to sow ' s  milk in water , protein and fat content. The milk mixture 
was stored in a refrigerator and then the proper quantity of milk was warmed 
to body temperature prior to feeding . 
Results 
A summary of the data is shown in table 1.  The 80° F .  temperature appeared 
to b e  only slightly better than the 70° F .  temperature for baby pig survival . 
The pigs appeared comfortable in both treatment groups , so the difference in 
temperature was probably too small to measure a difference in survival. 
The milk feeding had an important effect on pigs weighing less than 
2 . 5  pounds. A higher percent of these pigs survived in both temperature groups. 
Milk treatment did not improve survival of heavier , stronger pigs , but it was 
thought that some larger , weak pigs benefited from the milk. Based on the 
survival values , these pigs probably would have survived without the treatme nt , 
but they had a better start with the treatment. There was a relationship 
between survival and the strength of the pigs. A strength score was not used 
on each pig , but the stronger pigs , regardless of size , had a better survival 
rate. The milk treatment saved some pigs , but some died too , so more research 
is needed on this treatment . 
Table 1. Effect of Temperature and Milk Inj ection on Survival 
Birth 70° F.  80° F. 
weight Non-inj ected Inj ected Non-inj ected Inj ected 
lb. % % % % 
0 . 7  0 0 0 1 
1. 0 - 1. 4 10 20  12 2 7  
l. 5 - 1. 9 2 3  2 8  2 3  3 6  
2 . 0  - 2 . 4  47 65  43 71 
2 . 5  - 2 . 9  6 5  70  6 9  74 
3 . 0  - 3 . 4  80  8 1  8 0  85  
3 . 5  - 3 . 9  85 83 88  92  
4 . 0 or more 92 88 90 92  
Discussion 
Every newborn pig has a different background. The maj or differences , such 
as dead or alive , are easily observed , but there are many small and unrecognizable 
differences , too. Recognizing the condition of the pig an<l then providing the 
correct care and treatment for the pig is the k ey to saving pigs. 
The loss of body heat and the lack of energy are two important stresses on 
many pigs after birth. When either stress becomes too great , the pigs start 
chilling and may never attempt to nurse again. A chilling pig is in a spiral 
toward death , thus quick treatment is needed to warm the pig and give him some 
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energy . Body heat loss is rapid at birth because the pig is wet and he is put 
in a cooler environment . Drying the pig and placing him in a warm area helps 
conserve his heat and energy . I f  he has sufficient energy he will nurse and 
drink the colostrum milk .  However , if he misses a feeding on the first , second 
or third day of life , he may start chilling and eventually die . The task to 
prevent this lack of energy is to put energy into the pig. Putting energy into 
a newborn pig is a task and the s olution is not simple . The use of artificial 
nipples and p lacing high · energy solutions in the pig' s mouth have not been 
successful for the average person .  Inj ection of glucose into the body cavity 
of the p ig has been used with some success . The technique used in this experi­
ment appears to be an exce llent way of putting milk or other ingredients into 
the stomach of newborn p igs . It is  fast , simple and does not appear to harm 
the p ig . The danger of getting milk into the lungs is minimized by placing 
the end of the tube near the entrance of the stomach . This method is probably 
less harmful than trying to force-feed a liquid by some other technique . The 
flexible rubber tubing is easily inserted into the mouth , throat and esophagus.  
The technique does require some time for the entire procedure . However , 
most of the t ime is used to heat the milk and catch the pig. One person can 
give the milk to the pig. We place the syringe in a clamp on an appropriate 
stand. The tube is p laced into the milk and the proper dosage is drawn into 
the syringe . The tube should be full of milk at the t ime of insertion into 
the mouth .  
The pigs saved are not necessarily the runt-type pigs . They generally 
grow as fast as any other pig . Research at the Oregon Experiment Station showed 
that smaller pigs may take more time to reach market weight , but their daily 
gains are satisfactory and their efficiency of feed utilization is about equal 
to other p ig s .  
We are not completely satisfied with results in this trial and we think 
more pigs will be saved in the future . More research is needed on the number 
of feedings and quantity to feed. Stimulants with the milk may be beneficial 
in some cases . Als o ,  the experimental des ign did prevent treatment in certain 
case s .  Some previously treated pigs were observed chilling and may have 
benefited by a milk treatment , but another treatment was not permitted because 
of the experimental p lan . 
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The diseases which affect baby pigs are the same as those which also affe ct 
older swine . However , when baby pigs are affe cted the disease is frequently 
much more severe . The baby pig does not have the reserve to withstand a 
prolonged infection and is dependent on the continuous supply of milk for energy. 
When this milk supply is lost by vomition or when the pig refuses to  eat , then 
the disease rapidly gains control .  Other organisms which are usually non­
infective also begin to multip ly and because of the weakened condition brought 
about by the disease these secondary organisms begin to  invade other organs and 
enhance the disease . 
Under mos t conditions the sow will have antibody in the colostrum or first 
milk which will protect the pigs from disease . However , the sow will not have 
antibody to  diseases which she has not experienced or for which she has not 
been immunized.  Consequently pigs nursing these s ows are not protected and ,  
if infected ,  wi ll experience the disease . An e xample of a disease of this type 
is transmissible gastroenteritis or TGE . If  the s ow has experienced the disease 
her p igs will not get TGE as long as they are nursing her ,  but if the pigs are 
removed from the sow and do not get her milk they will be susceptible to  the 
virus . In the case of sows immunized for hog cholera the baby p igs get the 
antibody in the colostrum during the first day of feeding. This antibody will 
protect the pig from hog cholera for 4 to 8 weeks . Then the pig again becomes 
susceptible and must be vaccinated to be protected. 
Many bacteria and what appears to be large viral agents do not stimulate 
good antibody production in either the s ow or the baby pig.  For control of 
organisms of this type good management with isolation to prevent infection , 
adequate housing ,  and complete rations are essential. Under these conditions 
good management together with a program of preventive medicine can do much to  
increase the number and weight of  pigs weaned .  
It has been shown that the heavier pigs a t  birth have a much lower average 
mortality. In one s tudy , p i gs wei ghing 2 . 5  to  3 . 0  lb . had an average mortality 
of 25% or about the same as the nat ional average . Pigs wei gh ing over 3 . 0  lb .  
at birth had a 17% mortality and those under 2 . 0 lb .  had a 36% mortality rat e .  
This effect of the increased weight at birth i s  also shown at two weeks , 
weaning and at 140 days . Good growing pigs can nearly triple their birth weight 
by two weeks , here again the heavier pig gains a weight advantage which will 
carry on through weaning. It has also been shown that a five-pound weight 
advantage at eight weeks of age will increase to 12 lb .  at 140 days of age . 
This means these pigs can be marketed a week or s o  earlier than the lighter 
weaning pigs . Any saving in t ime , of course , is also a saving in feed and labor 
costs .  
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Good management during gestation and farrowing can do much to reduce or 
prevent diseases which wi ll result in weaning more and heavier pigs . 
Practices which can influence production are clean , sterilized farrowing 
houses ; control of traffic to farrowing house ; farrowing house size limited 
so that all litters will farrow within a few days ; separate housing for pigs 
of different age groups ; and the practice of preventive medicine and sanitary 
measures throughout farrowing and growing period. If one has good breeding 
stock , adequate nutrition , a program of preventive medicine and vaccination , 
together with sound management , the problems of raising market pigs can be 
greatly reduced. 
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